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Skin biopsies are routinely used to establish fibroblast 
cultures in vitro, but the ultrastructural properties of 
the cells during this outgrowth haw not received much 
attention. In the present study, the cate and the nature 
of the outgrowth of skin biopsy explants were examined 
in a quantitative and qualitative fashion. Attention was 
particularly focused on the mor_Phoge~e~i? properties of 
the various cell types present m the 1rntial outgrowth. 
The ~ate of success in obtaining an outgrowth from the 
expl~nts was slightly dependent on the composition of 
the medium or the serum. In more than 95% of the cases 
an initial epithelial outgrowth was obtained. At a later 
stage the outgrowth became fibroblastic. Remarkable 
differences in the behavior and ultrastructural proper-
ties of epithelial and fibroblastic cells were observed. 
Incorporation of 01H-thymidine occurred almost simulta-
neously with the epithelial outgrowth but preceded the 
migration of the fibroblasts. Under scanning and trans-
mission electron microscopy, the cells of the outermost 
layers of the epithelium remained flat and polygonal and 
were covered with small villi during migration. The cells 
were closely apposed. The germinative cells had a spiky 
surface and were separated by large intercellular spaces. 
No basal lamina was formed by the migrating cells. The 
fibroblasts maintained their shape and smooth surface 
and reached the substratum under the epithelial out-
growth. They accumulated microfilaments and microtu-
bules in their cytoplasm and were characterized by sur-
face-associated extracellular material. On the substra-
tum the fibroblasts spreadout. The behavior and ultra-
stru~tural properties of these fibroblasts resemble 
closely those observed on fibroblasts growing-out from 
aggregates. 
Skin biopsies can be readily obtained to study morphological 
properties of the cells which compose the normal and abnormal 
skin. 
To examine cell behavior or biochemical properties, large 
numbers of cells can be obtained by explanting the biopsies on 
a solid substratum, allowing epithelial and fibroblastic cells to 
grow out. 
This outgrowth of cells implies morphogenetic properties of 
the cells, such as migration and proliferat ion, which are accom-
panied by a variety of light-optic and ultrastructural changes. 
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Some aspects of the morphogenetic properties of epithelial cells 
have been investigated in vivo, in wound healing experiments 
or in an in vitro organ culture setting [1-5], while cultured 
fibroblasts have received wide attention, including in our own 
studies [6-8). 
There is not much information, however, on the morpholog-
ical changes which occur in the cells of the explant during 
init iation of cell growth in vitro. Moreover, possible interactions 
or mutual effects between epidermal and dermal tissue cells 
during outgrowth, which may regulate the mode in which the 
cells grow, have not been examined in much detail. Finally, 
whereas the skin explant system is widely used to establish 
fibroblast cultures, the rate of success for such cultures is 
generally unknown. 
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In the present investigation quantitative data were obtained 
on the number of explants which attach and grow-out; on the 
nature, epithelial or fibroblastic, of this outgrowth, and on the 
effect of tissue culture medium composition on the rate of 
outgrowth . The morphological changes which occur in the 
different layers of the epithelium and in the fibroblastic cells 
during outgrowth of skin fragments on a solid substratum have 
been investigated using light -optic, transmission and scanning 
electron microscopic techniques. Evidence is obtained by au-
toradiography that epithelial cells undergo DNA-synthesis in 
the explant almost simultaneously with their early migration, 
whereas fibroblasts clearly proliferate before any massive mi-
gration can be seen. 
MATERIALS AND METHODS 
Skin biopsies were obtained from the nondominant volar side of the 
fo rearm of 20 normal adults. The skin was cleaned with ethanol (70%), 
pinched by forceps during a bout 30 seconds and a piece of epidermis 
and dermis of about 30 mm3 was cut with a sterile scalpel above the 
forceps. The biopsy was transferred to a sterile vial containing 5 ml 
minimum essential medium (Eagle's) with Earle's Salts, without L-
glu tamine a nd sodium bicarbonate, and buffered with 20 mM Hepes (N-
2-hyd..roxyethyl piperazine N-2-etha ne sulfonic acid) (Flow Co). 
The biopsies were kept at room temperature and processed the same 
or the next day. Each biopsy was transferred to a Petri dish, cut into 
small pieces (about 2 mm~) and transferred with the epidermal side up 
onto pieces of coverslips (Cha nce n° 1) ; or into plastic Petri dishes (35 
mm, Falcon Co). 
A small drop Nutrient Medium Ham's F-10 (Gibco) containing 10% 
(v/ v) heat-inactivated feta l calf serum (FCS), 1 g NaHCOa per li ter, 
200 U penicillin and 100 llg streptomycin per ml, was added to the 
biopsies on the glass pieces or in the Petri dishes. One to 2 ml fresh 
medium was added when the biopsies were considered to have attached 
(about 3 days). In order to obtain quantitative data on the growth 
properties of a large number of expla nts, a known number of pieces was 
t ransferred to 25 cm2 t issue culture flasks (Falcon) containing 2 ml 
Dulbecco's Modified Eagle's Medium (DME, Gibco) supplemented 
with 1 g NaH CO,. per liter, 10% heat-inactivated newborn calf serum 
(NCS, Gibco), 200. U per m.l penicillin and 100 llg per ml streptomycin. 
The medium was buffered with 15 mM each of TES (Tris (hydroxy-
methyl)-methyl-2-aminoethane sulfonic acid) and Hepes. to pH 7.5. 
These ex plants were examined 3 days after the init iation of the cultures 
and the ru·st medium change (6 ml) occurred at day 7. The effect of the 
composition of the medium and of the type of serum was examined by 
studying simultaneously the outgrowth of duplicate biopsies in Ham's 
F-10 (F-10) a nd DME, supplemented with either 10% NCS or FCS. 
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Light Microscopy 
Explants were either examined under an inverted microscope or 
washed twice in phosphate buffered saline (PBS) pH 7.2, fixed in 3% 
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) followed by postftx-
ation in 1% osmium-tetroxide in 0.1 M phosphate buffer (pH 7.4). After 
dehydration by a series of ethanol washes, the material was embedded 
in Epon (Epikote 812, Gurr) and cut perpendicular to the substratum 
on a Reichert OM U2 ultramicrotome. One !lm thick serial sections 
were coloured with 0.2% toluidine-blue in 1% Na~co,, solution. Auto-
radiographs were performed on expla nts incubated in ''H-thymidine 
(S.A. 10 Ci/mmole) at 0.5 !LCi/ml or "H-leucine (S.A. 1 Ci/mmole) at 
10 J.!Ci/ml during 24 hr. Multiple 1 !Lm sections were overlaid with 
emu lsion (Hford K-2) and kept in the dark at 4° C for 7 days. 
Transmission Electron Microscopy 
Epon-embedded ultrathin sections were contrasted with uranyl ace-
tate and lead citrate and examined with a Philips TEM 201 electron-
microscope. 
Scanning Electron. Microscopy 
Explants grown on glass coverslips were washed in PBS, fixed in 
glu tara ldehyde and osmium tetroxide, and dehydrated by a series of 
ethanol washes. The dehydrated material was dried by the critical 
point method (E 3000-Polaron) with carbon dioxide, covered with gold 
in a Polaron sputter coater (E 5000 diode) and examined in a Philips 
PSEM 500 electronmicroscope. 
RESULTS 
I. Quantitative Study of the Outgrowth 
Skin biopsies were obtained on 20 normal adults, and the 
explants were placed in DME-NCS. The number of explants 
which attached to the substratum and the nature of the cellular 
outgrowth obtained under standardized culture conditions were 
examined. From the 121 explants examined, 90 (74%) attached 
to the plastic substratum, the others floated off by the fust 
medium change at day 7. 
On most of these explants the fust outgrowth could be 
observed by day 3. Only 3 explants out of 90 (3.3%) showed an 
outgrowth of spindle-shaped cells with a typical fibroblastic 
morphology; the others being epithelial (closely apposed, poly-
hedral cells). Fibroblastic outgrowth occurred on most explants 
between the 8th and the 21st day, at which time the outgrowing 
cells were trypsinized to determine the number of cells present. 
Most of the cells are released by this treatment, whereas the 
explants remain attached to the substratum. After 3 weeks in 
culture the number of cells (mostly fibroblasts) recovered per 
explant, varied betwe·en 14,000 and 227,000 with a mean of 
76,000 cells per explant. 
From 8 of these donors, an equal number of explants was 
placed simultaneously in 3 different media, DME-NCS, DME-
FCS and F-10-FCS (Table). The number of explants which 
gave rise to an outgrowth as well as the mean number of cells 
obtained after 21 days in culture was recorded. The results 
indicated that the rate of success was somewhat greater in 
Ham's F-10 than in the other media. Moreover, a more repro-
Initial outgrowth of skin. explants in different media 
Number of explants 
Number of explants 
giving ri se to 
outgrowth 
Number of cells 
(X10") per 
explant after 21 
days 
DME-NCS" DME-FCS'' F-10-FCS'" 
35 35 35 
28 (80%) 32 (91.4%) 35 (100%) 
68 ± 9.9" 
(17-227) 
71.2 ± 11.6" 
(22-243) 
44.9 ± 4.3" 
(13-75) 
" DME-NCS = Dulbecco's Modified Eagles Medium with newborn 
cal f serum. 
" DME-FCS = with fetal calf serum. 
,. F-10-FCS =Nutrient medium Ham's FlO with fetal calf serum. 
" See manuscript. 
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ducible number of cells per explant was obtained in this medium 
in contrast to the other media which showed wider variation in 
the number of cells obtained per explant. 
2. Morphological Aspects of the Outgrowth 
Two phases could be distinguished in the outgrowth of skin 
explants apparent from the quantitative studies. A fust phase 
evident at about 3 days in which epithelial cells grew out and 
migrated onto the substratum around the explant; a second 
phase in which a massive and rapid fibroblastic outgrowth was 
observed. The epithelial outgrowth became arrested after an 
initial period of rapid growth. Many of these cells remained 
viable but degenerating cells which were vacuolated or in 
karyorrhexis could be observed during later stages (third week). 
Epithelial cells: Continuous with the epidermis of the ex-
plant, a sheet of cells covered the lateral sides of the explant 
towards the substratum (Fig 1, A-B). In the explant, this sheet 
maintained its stratification. Different epidermal layers were 
present, showing a progressive flattening of the cells and some 
signs of the keratinization process. Even on the substratum this 
epithelial outgrowth consisted of several superimposed layers 
near the explant, with a tendency to monolayer-formation at 
greater distances from the explant. Three to 4 weeks after 
initiation of the cultures, the superficial layers of the epithelial 
outgrowth became necrotic and tears appeared in the substra-
tum-attached epithelial sheets (Fig 1, C) . The outermost layers 
of the epithelial outgrowth appeared, in scanning electron mi-
croscopy, as closely apposed polygonal cells. The surface of 
these cells was sometimes smooth, more frequently wrinkled or 
covered with small microvilli (Fig l, D). 
In contrast, the germinative cell layer presented very differ-
ent features. On the explant large intercellular spaces were 
found between the cells. These enlarged spaces became even 
more prominent nearby and on the substratum (Fig 2, A-B). 
Here, the germinative cells presented very spiky projections 
and remained attached to each other only by a few elongated 
cellular processes (Fig 2, C-D). These cells were clearly identi-
fied as epithelial cells by their intracytoplasmic accumulation 
of tonofilaments, especially around the nucleus, and by the 
presence of desmosomes (Fig 2, E-F). The desmosomes, how-
ever, were not as numerous as in the original skin biopsy and 
were often found at the tips of cytoplasmic processes between 
widely separated neighbouring cells. The epithelial cells were 
found in direct contact with collagenous, reticular and elastic 
fibers (Fig 2, F) . The basal lamina was generally reduced to a 
few small remnants. An accumulation of microfllaments was 
very often found underneath the plasma membrane of the 
outgrowing cells. Microtubules were more prominent deeper in 
the cytoplasm of more or less elongated cells. 
Fibroblasts: The dermis of the original explant was composed 
of a densely interwoven network of collagenous fiber bundles. 
Embedded in this network few fibroblasts could be visualized 
(Fig 1, A). These cells were spindle shaped or flat-elongated 
with fine cytoplasmic processes at their ends. As the outgrowth 
progressed beyond 8 days, fibroblasts were found on the sub-
stratum around the explant; they were irregularly shaped and 
had a smooth surface (Fig 3, A). Sometimes fine cellular proc-
esses connected the cells with the dermis. Progressively more 
fibroblasts migrated under the epithelial outgrowth and ap-
peared beyond the boundaries of the epithelial sheet (Fig 3, B). 
These fibroblasts took on the monolayer configuration, being 
very flat and elongated, and devoid of surface structures. They 
remained oriented parallel to the epithelial cells close to the 
epithelial boundary but assumed gradually a more random 
orientation at the periphery of the outgrowth. 
At places where the epithelial lining of the explant was absent 
or where the epithelial outgrowth was disrupted, large numbers 
of fibroblasts could be observed accumulating on top of the 
dermal fibers (Fig 3, C), while many cells remained buried 
between these fibers (Fig 3, D). All these cells were spindle-
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FIG 1. General morphology of the epithelial outgrowth, and of its uppermost layers. A, 1 1-1m section of a skin explant showing dermal t issue 
covered with epidermis. The outgrowth over the lateral side of the dermis ma intains features of the morphology of the epidermis (reduced from 
x 400). B, Similru· skin explant viewed in SEM completely sunounded by a continuous sheet of epithelial outgrowth. Bar= 100 1-1m. C, Advanced 
epithelial outgrowth with disintegration and desquamation of superficial epithelial layers on the substratum. The explant is on the left of the 
picture. Bar = 100 1-1m. D, The polygonal cells of the nqtermost layer of the epithelial outgrowth are closely apposed and present a wrinkled 
s urface. A cell process of an underlying cell protrudes Lurough the superficia l layer . Bar= 10 1-1m. 
shaped, ending in long filopodia! outgrowths. The cells appeared 
to be oriented towards the substratum and groups of elongated 
cells interwoven with cellular processes or dermal fibers were 
seen reaching for the substratum. 
The surface of the cells remained smooth during the out-
growth process. Contacts between fibroblasts were made by 
fine cellular processes and adherens junctions could be found 
between adjacent cells. No other specific cellular structures 
were involved in the migration and in the spreading of the cells 
on the substratum. Extracellularly and adjacent to the plasma 
membrane, fuzzy material accumulated in patches or as a very 
thin line (Fig 4, A). 
The cytoplasm was characterized by a conspicuous accumu-
lation of microfilaments and microtubules (Fig 4, B) directed 
32 VAN DER SCHUEREN E'f AL Vol. 74, No. 1 
FIG 2. Characteristics of the outgrowing germinative cells. A, Transitory region between the explant and the substratum. The epithelial celli 
of the germinative layer are separated by large intercellular spaces, bridged by numerous cellular processes (reduced from X 390). B, Higher 
.magnification of a similar region as in (A) showing the very irregular aspect of the cells in the germinative layer with the formation of a very long 
filopodia! outgrowth. The uppermost layers are composed of densely packed and flat cells (reduced from X 725). C, Similar germinative cells 01 
the substratum. These cells are polygonal and present a very characteristic spiky appearance. Bar= 10 J.Lm. D, Close contact between a spind.l~ 
shaped, smooth-surfaced fibroblast and irregular, rough-surfaced epithelial cells. Bar = 10 J.Lm. E, Elongated desmosome which bridges a largl 
inter-cellular space between 2 epithelial cells. Bar = 1 ,_..m. F, An epithelial cell with tonofilaments and numerous polyribosomes in immediat( 
contact with mesenchymal fibers. Bar = 1 J.Lm. 
along the length of the cells. Inside the explant many cells were 
found which contained large quantities of presumably ingested 
collagen (Fig 4, C). 
3. Cell Proliferation 
In order to acquire some measure of the amount of cellular 
proliferation which might be involved in the initial outgrowth, 
explants were incubated with ''H-thymidine for 24 hr at 0-1-2-a 
4-5-6-8 and 10 days after initiation of the cultures. Thymidin1 
incorporation could be visualized by autoradiography in epithe-
lial cells 2 days after explantation. In fibroblasts it was observ 
only after 4 days. Once the outgrowth was established on th1 
substratum, whether epithelial or fibroblastic, thymidine wa, 
incorporated both by cells in the explant (Fig 4, D-E) and O\ 
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FIG 3. Characteristics of the outgrowing fibroblasts. A, A few outgrowing fibroblasts with irregular shape are dispersed on the substratum. One 
of t hem is still connected to the explant on the right by means of a fine cellular process. Bar= 10 !Lm. B, Fibroblasts are found on the substratum 
beyond the boundary of the epithelial outgrowth (at the right). In later stages the fibroblasts are oriented parallel at the epithelial border a nd 
become more irregularly dispersed farther away from it. Bar = 100 !Lm. C, Massive fibroblastic outgrowth. Fibroblasts are spindle shaped and 
parallel-oriented towards th~ substratum. They make contact with the substra~um ~y ~eans of their l~ng ftlopodial processes (left corner, below). 
Bar = 100 IJ.m. D, Upper thud of the expla nt. Some fibroblasts are seen buned wtthm the dermal ttssue, while other fibroblasts progresstvely 
reach the outer layers a nd loose their fibrous covering. (to the left of the picture). Bar= 10 ./Lm. 
the substratum. Incorporation by aH-leucine, a measure of 
cellular metabolism, resulted in intense labeling of all cell types 
from the first day in culture, even when the explant had not yet 
attached to the substratum. 
DISCUSSION 
Quantitative and qualitative aspects of the outgrowth of skin 
biopsy explants were studied. 
Three weeks after placing the explants in culture, fibroblast 
. cultures were obtained on 74% of the explants. The rate of 
success varied slightly with t he composition of the medium 
used or with t he nature of the serum supplement. In Ham's F-
10-FCS the greatest number of explants attached (100%) but 
the number of cells obtained per explant after 3 weeks was 
comparable for the 3 media tested. The variation in the number 
of cells recovered per explant was the lowest in Ham's F-10-
34 VAN DER SCHUEREN ET AL Vol. 74, No.1 
FIG 4. Ultrastructural aspects of the outgrowing fibroblasts and proliferation of epithelial cells and fibroblasts. A, Adjacent to the plasm 
membrane of the fibroblast extracellular material is found accumulated in patches * and as a thin line (a.rrows). Ba.r = 1 p.m. B, Numeroil' 
· microfilaments (F) and microtubules (T) are oriented parallel with the long axis of the fibroblast . Ba.r = l p.m. C, This fibroblast, located insid\ 
the explant, contains large quantities of collagen (arrow) and is characterized by a long ftlopodial outgrowth. Ba.r = 1 p.m. D, Autoradiograph ~ 
"H-thymidine incorporation by the germinative cells on the explant (reduced from x 825). E , Autoradiograph of thymidine incorporation b; 
outgrowing fibroblasts at the edge of the explant (reduced from X 825). 
FCS. The latter medium therefore gives the most consistent 
results. 
Protein synthesis, measured by "H-leucine incorporation, was 
present at all times in both epidermis and dermis, but the rate 
of outgrowth and the morphology of the two tissues during 
growth showed marked differences. The majority of the ex-
plants (96.7%) was surrounded by a continuous layer of epithe-
lial cells after 3 days, and thymidine incorporation could be 
visualized in the epithelial cells from day 2 on. Fibroblasts or 
the other hand incorporated thymidine from day 4 on, but theu 
outgrowth did appear much later. 1 
Whether placing an explant in culture generates a differenl 
trigger for the growth of fibroblasts and epithelial cells o· 
whether the 2 tissues respond in a different fashion to the sam 
trigger remains to be determined. 
The morphology of the migrating epidermal cells was quit1 
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different when the superficial layers were compared to the 
germinative layer. Our ~bs.ervations on the. strati_fication and 
the maturation charactenst1cs of the outgrowmg ep1dermal cells 
in the transmission electron microscope are similar to those of 
Flaxman, Lutzner, and Van Scott [5]. Fla~man considered the 
s uperficial cell layers solely as maturation products of the 
underlying basal cell l~yer. An alternative exp~anation ~ay be 
that these differences m morphology reflect d1fferences m the 
mode in which these cells migrate from the explant. The fea-
tures of the uppermost cells were comparable to unkeratinized 
covering epithelium, as seen in amphibian epidermis or human 
periderm [9], but were also characteristic for epithelial cells 
cultured in vitro [10]: flat and polygonal cell shape, marked cell 
boundaries, wrinkled cell surface. These cells have .been. shown 
to migrate in ~beets of clo~e~y. appos~d c~lls w1th s1gns of 
migratory activity and cell diVISIOns pnmarily at the edges of 
t he sheet [10]. 
The germinative cells on the contrary had a very spiky 
·s urface in SEM. These spikes corresponded to the long inter-
cellular connections observed in TEM. Even on the substratum 
they retained this typical aspect before assuming the flattened 
shape of cultured epithelial cells. 
Loosening of cell contacts and reduction in the number of 
desmosomes, as observed in the present study, have been 
reported to be the first s.igns of migration in the b~sal epidermal 
cells during wound healmg [1]. These morphological features of 
the germinative cells, as well as the fact that thymidine incor-
poration was found to be randomly distributed over the cells of 
the basal layer-in contrast to Flaxman's finding [5] even cells 
on the explants were labeled-suggest that these cells behave 
with great functional independence during migration. The mor-
phological diffe~·ences between uppermost a.nd b~salla_Yer cells 
could even signify that only the basal layer IS actively mvolved 
in cell movement, while the superficial layers are displaced 
passively in the mig~·ating basal cells as described by Radice 
[ 11] for wound closure. in a~phibians. 
Migration of the ep1thehal cells over the dermal structures 
towards the substratum was not accompanied by the formation 
of a basal lamina. Instead, a very close association of the 
epithelial cells with fibers of the underlying connective tissue 
could be seen. This is in accordance with other observations [ 4, 
12]. A similar close contact with fibrin or mesenchymal cells, 
even with the formation of hemidesmosomes, was also noted 
during the wound healing process in the absence of a basal 
lamina [1] . 
The importance of this observation is not clear . In embryonic 
systems the composition and the rate of synthesis and degra-
dation of the basal lamina are correlated with the morphoge-
netic activity of the epithelial cells [13]. In adults however, 
there is insufficient knowledge about the mechanisms which 
regulate the synthesis or degradation of the basal lamina under 
various circumstances. The absence of a basal lamina might 
also be responsible for the progressive necrosis of the epithelial 
cells on the plastic substratum. Necrosis can indeed be pre-
vented by growing the cells on a dermal collagen bed [14]. 
The fibroblasts are also markedly influenced in their mor-
phogenetic behavior by the presence of a substratum. This 
phenomenon has already been stressed in the outgrowth of 
fibroblast aggregates [7]. During the outgrowth of skin explants 
it is particularly striking that fibroblasts leave their natural 
surrounding of dermal fibers and, as in aggregates, become 
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immediately oriented towards the substratum. The cells main-
tain their spindle-shape while migrating within and on the 
dermal fiber network, their natural substratum. At this stage 
t hey resemble the fibroblasts during the development of the 
cornea [15]. As soon as they reach the artificial substratum 
however, (glass or plastic) their morphological aspect is com-
pletely different. These observations again point to the fact 
that the great number of cell shape and cell smface alterations 
observed in the outgrowth of fibroblasts, whether from an 
explant or from an aggregate, is dependent on the configuration 
in which the cells are and on the substratum on which they 
move. Other similarities in the outg~·owth phenomena of fibro-
blasts in skin explants and in aggregates are striking: formation 
of filopodia, presence of elongated cells with smooth surface, 
accumulation of microfllaments and microtubules and close 
association of amorphous extracellulru· material with the cell 
sw-face. 
Our results therefore suggest an important role for the inert 
substratum in the expression of the morphogenetic properties 
of the fibroblasts observed in the present study. The similarity 
between the present findings and those obtained on fibroblast 
aggregates indicate that many morphogenetic properties of 
fibroblasts can be studied in the aggregate system. 
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